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Abstract 
PERTAMINA Hulu Energy-Offshore North West Java (PHE-ONWJ), conducted a mangrove restoration activities in Sedari 
Village, Kerawang District. The program was conducted in collaboration with local community, which is named Mangrove Care 
Parents (OTAP/Orang Tua Asuh Pohon). The program is to assess the survivor rate of the planted mangrove; to evaluate factors 
that cause which influence the growth of the mangrove planted; and to plan an appropriate future mangrove restoration. The 
program consists of six phases. The current program consist of four phases. The phase 1 was started in 2012 on sedari riverbank 
and it was unsuccessful. The results of monitoring showed that, of the 15.000 seedlings planted only 2141 plants survived      
(14,3 % in 2014). The high mortality of the planted plants was due to disposal of dregded material from river deepening project. 
This accident happened was due to lack of coordination with local governments. The phase 2 was started on November 2013 by 
planting 3.000 seedlings in Karang Sari Orchard. Lessons learned from the failure suggest that monitorning should be done more 
frequent, i.e. monthly, and if there are dead seedlings, replanting new seedling were applied (called “tambal sulam”).   The phase 
3 and 4 was started in March and June 2014 each by planting 10.000 seedlings on abandoned fishponds in Tirta Sari Orchard and 
Tanjung Sari Orchard. The phase 5 and 6 will be done by the end of this year, the preparation was done by defining of locations 
of lands and signing agreements with land owner. The evaluation done by analyzing the soil texture in order to know the 
suitability between soil texture and mangrove species. Phase 1 untill 4, the mangrove species were suitable with the soil texture. 
Planning for mangrove restoration programs on phase 5 and 6 were selecting appropriate mangrove species to be planted. The 
soil texture on phase 5 were Clay, the suitable mangrove species were Rhizophora mucronata and R. stylosa. Meanwhile on 
phase 6 the soil texture were Silty Clay, so the suitable mangrove species were Avicennia alba, Rhizophora mucronata, and        
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R. stylosa. Beside the suitability between the soil texture and the mangrove species planted, the research recommend a survey of 
awareness level of stakeholders and the knowledge on the mangrove function and benefit. 
© 2014 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of scientific committee of the ICTCRED 2014. 
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1. Introduction 
Indonesia is the largest archipelagic country in the world with the second longest coastlines after Canada 
(81,000 km) and have more than 17,000 big and small islands. Therefore, resources in the cosatal zones are very 
huge. Situated in tropical areas, the coastal zone of Indonesia generally has three important ecosystems, namely 
mangrove, seagrass and coral reef. These ecosystems serve as shelter, spawning, nursery and feeding grounds for 
many marine faunas, including protected faunas such as turtles and dugongs [1]. 
The mangrove ecosystem, as well as seagrass and coral reefs are also known to have high productivity, 
exceeded the productivity of tropical rain forests [2]. Therefore, it is not be surprised that those ecosystems can 
make the coastal zones of Indonesia are very rich in marine resources.  This leads Indonesia to become known as 
"mega marine biodiversity center in the world". However, many of mangrove area has been converted into brackish 
water fish ponds (called “Tambak”).  The loss due to this conversion is estimated at 1.6 million ha.  Conversion of 
mangrove areas in 1980s was 155,081 ha, mostly taking place in Java, Sumatra and Sulawesi and increased to 
285,500 ha in the 1990s [3].  Actually, tambak has a long history in the northern coast of Java, where initialy 
milkfish (Chanos Chanos) has been cultivated.  In 1970 method of intensive shrimp farming in tambak was 
practiced, which coincided with high market demand and high prices of shrimp at that time caused large conversion 
of mangroves [4]. 
Changes in the function of mangrove to tambak have major impact on the eco-bio-physical processes, such as 
rapid erosion, loss of green belts, which serves as a natural buffer to protect the soil from large waves, water quality 
degradation, reduced marine biodiversity, loss of spawning, nursery and foraging habitats for fish, shrimp and other 
marine life.  
Ecological restoration is the process to restore the structure, function, diversity and dynamics of an ecosystem 
[5]. One of the Restoration Programs that held by pertamina Hulu Energi-Offshore North West Java (PHE-ONWJ) 
is called Mangrove Care Parents (OTAP/Orang Tua Asuh Pohon). This programs is to. In this paper, we conducted 
study on the evaluation of the programs that have been held and the assess the survivor rate of the planted 
mangrove; to evaluate factors that cause which influence the growth of the mangrove planted; and to plan an 
appropriate future mangrove restoration future planning for the programs.  
 
2. Methods 
This study was conducted along the coastal area in Sedari Village of Kerawang District, West Java which there 
is one of Pertamina onshore drilling (called Mike-Mike Bravo/MB2). The Mangrove Restoration Programs will held 
in 6 phases, the phase 1 untill phase 4 had been planted mangrove. The others 2 phases (phase 5 and phase 6) will 
be held in the end of 2014. The location and description of each phases shown in Fig. 1 and Table 1.  
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 Fig. 1. Location of the Mangrove Restoration Programs 
 
Table 1. Description and location of the Programs 
Phases Locations Planting Time Description 
Phase 1 Sedari Riverbank 2012 On the Riverbank of Sedari River. 
Phase 2 Karang Sari Orchard November 2013 Coastal buffer zone that face to sea. 
Phase 3 Tirta Sari Orchard March 2014 In the abandoned fishponds 
Phase 4 Tanjung Sari Orchard June 2014 In the abandoned fishponds 
Phase 5 Tanjung Sari Orchard Will be held in 
the end of 2014 
In front of abandoned fishponds, facing 
the sea 
Phase 6 Karang Sari Orchard Will be held in 
the end of 2014 
In the abandoned fishponds 
 
The study was done by identifying the mangrove in Sedari Village, either that are True Mangrove or Associate 
Mangrove. The identification will be using the Reference “Panduan Pengenalan Mangrove di Indonesia” [6].  
 
After the identification of mangrove, then continued by identification of the soil/sediment texture in each phase. 
Determination of soil texture by hand feeling (Feeling Method) is very useful for purposes of the survey in the field. 
The identification done at the location (in-situ) and classified the soil by the characteristic. Procedures for the 
determination of soil texture [7] shown below: 
1. Prepare the soil samples approximately 100 grams and water. 
2. Take the sample of soil approximately one spoon, place it on the palm of hand. 
3. Spray water little by little while stirring and rubbed with finger on the other hand. FEEL: is slick, smooth or 
rough? Slick, smooth describe clay and silt, rough describe sand. 
4. Estimate how much sand there, this is to sense the level of roughness. 
5. Add more water but don’t get too wet, then sense it whether is sticky or not. Sticky indicate clay particles.  
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6. Add a little water again until the soil can be rolled up, make rolls with a diameter of about ½ cm and a length of 
about 5 cm. NOTE: if this soil can be rolled up or not, and when it is bent: broken or not.  
x Soil that can not be rolled indicates many of sand particles. 
x Soil can be rolled indicates many of clay particles.  
x Frangible indicating the sand particle many.  
x It’s not broken indicates that dominate clay soil properties and sand particle less. 
7. To determine soil texture classes can be done by determining the samples with the characteristics of soil 
(shown in Table 2). 
 
Table 2. Soil texture classes and the characteristics [7] 
Soil texture classes Characteristics 
Sand 
 
 Sense of clearly rugged 
 Does not form a ball and rolls 
 Not inherent 
Loamy Sand  A very clearly sense of rough  
 Forming an easy ball once destroyed  
 Very little inherent 
Sandy Loam  
 
 Rough sense of rather clearly  
 Form a ball rather hard but easily broken 
Loam  
 
 
 Sense of is not harsh and not slippery  
 Form a firm ball, can be rolled with a slightly shiny surface 
 Attached 
Silt  
 
 Sense of slick once  
 Form a firm ball, can be slightly rolled with shiny surface 
 Rather attached 
Clay Loam  
 
 Sense of a bit rough  
 Form a rather firm ball when dry, forming rolls and rolls easily 
when dipirid destroyed  
 Attachment being 
Sandy Clay Loam  
 
 Sense of is rather clearly  
 Form a rather firm ball when dry, forming rolls and rolls easily 
if dipirid destroyed  
 Attached 
Silt Clay Loam  
 
 
 Clearly sense of the slippery  
 Form a firm ball, shiny rolls  
 Attached 
Sandy Clay  
 
 Sense of slick bit rough  
 Form a ball when in a dry state is difficult massaged, easily 
rolled  
 Once attached 
Silty Clay  
 
 Little bit slippery  
 Form a ball when in a dry state is difficult massaged, easily 
rolled  
 Once attached 
Clay  
 
 Heaviness  
 Form a good ball  
 Once attached 
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Table 2. (Continued) 
Soil texture classes Characteristics 
Silt Loam  Heavy sense of  
 Form a good ball  
 Once attached 
 
After identifying the soil texture, the next step is to check the suitability soil of texture with mangrove species 
that has been planted in phase 1 to phase 4.  
 
3. Result and Discussions 
Multi-temporal analysis of Landsat satellite images show a fairly dense mangroves found in 1972 (2,699 Ha), 
but decreased in 1993 (1,186 Ha) and dramatically decreased in 2013 (233 Ha) (Fig. 2). Conversion of mangroves 
to agricultural areas and fish pond (tambak) degraded the mangroves.  This can be seen by the increase of tambak 
areas from 9,685 Ha (in 1972) to 10,089 Ha (in 1993) and became wider to 11,411 Ha (in 2013) (Fig. 2). 
Degradation of mangrove caused coastal erosion that damaging many tambaks and residents (Fig. 2). The rate of 
erosion along the shoreline of this district reaches about 5 to 10 meters per year. As a result, sea water eroded the 
land to reach about 50-500 m. 
Study on land use conversion from mangrove ecosystems to tambak have been conducted along the coastal 
Sedari Village of Karawang District, West Java Province. Mangrove ecosystems provide environmental services as 
well as goods, such as marine products to the communities that live in Coastal areas. However, many of Mangrove 
area at Sedari Village have been converted to tambak without considering the negative impacts as heavy erosion in 
the coastal line that destroyed the tambak themselves, community resident (housings), threatened the coastal 
structures such as streets, bridges, buildings, and seawater intursion, etc.   
The main reasons of mangroves conversion is that the profit gained from fish and shrimp cultured in tambaks.  
However, those profits can only be perceived in just a short time (not sustainable development), when the tambaks 
are still in good condition, otherwise would be a disaster if the function of mangrove lost.  Mangrove valuation 
study must be done to knowing the valuation of the mangrove that are still survive. Because once a mangrove 
ecosystem is damaged, then it is very difficult to recovery, it will takes times and require high cost.  
 
 
Fig. 2. Long-term monitoring of mangrove and tambak dynamics using Landsat images in the Karawang District 
 
In general, mangrove in Sedari village has no longer formed forest, but only a few stands of trees that are 
grown in the dike, in the middle of the pond, in the left/right side of the river or the road and dry land. Mangrove 
stands that no longer formed forest in Sedari Village. There were 12 species of true mangroves and 7 species of 
associated mangroves with Rhizophora murconata, R. stylosa, Sonneratia caeseolaris dan Avicennia officinalis as 
dominant species (Table 3).   
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Table 3. Mangroves Identification in Sedari Village [8] 
No. Mangrove Biodiversity 
True Mangroves 
1 Acrostichum aureum 
2 Avicennia alba 
3 A. marina 
4 A. officinalis 
5 Bruguiera cylindrical 
6 B. gymnoriza  
7 B. parviflora 
8 Nypa fruticans 
9 Rhizophora apiculata 
10 R. mucronata 
11 R. stylosa 
12 Sonneratia caseolaris 
Associated Mangroves 
1 Calophyllum inophyllum 
2 Derris trifoliate 
3 Dolichandrone spathacea 
4 Hibiscus tiliaceus 
5 Morinda citrifolia 
6 Pandanus tectorius 
7 Terminalia catappa 
 
Mangrove, as already mentioned provide products and environment services that are beneficial to the coastal 
communities. Large-scale mangrove conversion into tambak is the major causes of mangrove destruction. The result 
of seedling survive for phase 1 to phase 4 of the programs is shown in the table 4.  
 
Table 4. Seedling survive of each Phase [9] 
Phases Location Plantation Time Total Seedlings Seedling Survive 
Phase 1 Sedari Riverbank 2012 15.000 2141 
Phase 2 Karang Sari Orchard November 
2013 
3.000 3000* 
Phase 3 Tirta Sari Orchard March 2014 10.000 10.000* 
Phase 4 Tanjung Sari Orchard June 2014 10.000 10.000* 
Note: *) If there are dead seedlings, will be replanting with new seedling (tambal sulam) 
 
On phase 1, the mangrove restoration was failed. The high mortality of the planted plants was due to the soil 
disposal when dredged material from river deepening project, this happened by lack of coordination with the local 
governments.  
The phase 2 were done by planting 3.000 seedlings, lessons learned from the failure (on phase 1) suggest that 
monitoring should be done more frequent, i.e. weekly and monthly. Monitoring and evaluation of mangrove 
restoration project was done by the OTAP local community group, under the supervision of OTAP PHE ONWJ. The 
monitoring form has been prepared as a tools to monitor and evaluate the results of the restoration. OTAP 
community group will report the results of monitoring every month to PHE ONWJ with a number of mangrove live 
or dead, height and also diameter of the mangrove. The evaluation of the monitoring will be held every 6 months. 
This evaluation is aims to provide an input (feedback) for PHE ONWJ, especially recommendations for the next 
restoration project. Meanwhile, if there are dead seedlings, the OTAP will replant with the new seedling (tambal 
sulam). The phase 3 and 4 were done by planting 10.000 seedlings for each phase, the monitoring and tambal sulam 
method were also applied.  
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Replanting hundred thousands of mangroves as an effort to rehabilitate mangroves have often attempted by 
many organizations, but some of them failed, because they used incorrect method or procedures, such as to plant a 
certain species of mangrove in the wrong habitat (substrate), some other just only plant the mangrove and left them 
without any proper maintenance and monitoring. Therefore, mangrove restoration should be done immediately.  
To replant mangroves in the area that has been damaged it need to consider several things. The most important 
thing is to know the history of the selected sites whether or not the species of mangrove ever grow there.  One of the 
contributing factors of mangrove to grow well is mangrove substrate, the habitats that suitable for mangrove to 
grow. The result of soil texture in all phases of the mangrove restoration programs shown in table 5. 
 
Table 5. Result of soil texture and mangroves species 
Phases Location Soil texture Mangroves 
Phase 1 Sedari Riverbank Clay Rhizophora mucronata,  
R. stylosa 
Phase 2 Karang Sari Orchard Silty Clay Rhizophora mucronata 
Phase 3 Tirta Sari Orchard Silt Clay Loam  Rhizophora apiculata, 
 R. mucronata, R. stylosa 
Phase 4 Tanjung Sari Orchard Silty Clay Avicennia alba, Rhizophora 
mucronata, R. stylosa 
Phase 5 Tanjung Sari Orchard Clay Rhizophora mucronata,        
R. stylosa * 
Phase 6 Karang Sari Orchard Silty Clay Avicennia alba, Rhizophora 
mucronata, R. stylosa * 
Note: *) Recommendation of suitable mangrove species 
 
4. Conclusion 
The survival rate of the Mangrove Restoration Program that has been done by PHE-ONWJ for the phase 1 is 
14,3 %, and the phase 2 untill phase 4 are 100 % survive.  
Factors that cause the growth of the mangrove planted for the phase 1 were the lack of coordination with the 
local governments (because of the disposal of dregded material from river deepening project, buried the mangrove) 
and no protection for the seedling (the seedling are often ate by goat). For the phase 2 untill phase 4, lessons learned 
from the past, the monitorning done more frequent; the implementation of “tambal sulam” system (if there are dead 
seedlings, replanting new seedling); and built protection for seedling with bamboo. The most significant factor cause 
the successfully of the restoration are local community involvement, especially for the monitoring of the seedling.  
For the phase 5 and phase 6 that will be held in the end of 2014, the restoration should be with the appropriate 
mangrove that correspond with the soil texture. The overall soil texture are “Clay” for phase 5, so the 
recommendation are Rhizophora mucronata, R. stylosa. Meanwhile the soil texture for the phase 6 are “Silty Clay”. 
The recommendation are Avicennia alba, Rhizophora mucronata, and R. stylosa.  
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